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(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57) Abstract: 



an undoped nitride semiconductor layer 3 between 
the substrate 1 and the n-electrode formation layer 
4 and fornning the active layer 6 on an undoped 
PROBLEM TO BE SOLVED: To improve output of a semiconductor layer 5 which Is formed on the 
nitride semiconductor element, low^er forward "-electrode formation layer 4. 
voltage and the threshold voltage and improve 



electrostatic breakdown strength characteristic by 
providing a superiattice layer wherein a plurality 
of layers including first and second nitiide 
semiconductor layers of which one layer at least is 
doped with n-type impurities are laminated between 
a substrate and an active layer 

SOLUTION: A nitride semiconductor light emitting 
element has a superiattice structure which is formed 
between an active layer 6 and a substrate 1 and 
wherein a first nitride semiconductor layer 4a and a 
second nitride semiconductor layer 4b are laminated 
alternately in an n-electrode formation layer 4 
wherein an n-electrode is formed. Therefore, an 
n-electrode formation layer is made a layer of good 
crystallinity. Furthermore, its resistance can be 
made low and a fonvard voltage Vf of a light 
emitting element can be made low. In this case, 
crystallinity of the n-electrode fbmiation layer 4 
and the active layer 6 can be made good by forming 
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m^m 1 ] mt'^mmiz. 'yts:< t 

m^xmm i tmcomm^m^. 

if v-r^tix\^^j:\mm 1 xfi 2fBmoa«^ 

m^m 5 ] mtm 1 1 s 2 (^mm^mii^ti 

0 izmm^tix^^imm 1 ~ 5 <o ^ *>«v ^-rti*^ 1 

[if^Ji9] Mia^icr)a«^^^f5itMam2co 
im^m 1 0 ] wim 1 <7)mm^mkmim2 

m-^m 1 1 ] m^m 1 Og«^#:«i:t(i^2 

immm 1 2 ] 1^ 1 (7)m.^mmmbmm2 

1 3 ] MEm 1 '^Stt^^rflt B>fl2^2 
V^^TCDJifc n F-r^ilT V^i,it^]1 1 



i>^s.^^m^j:mi±m^zn-com!&?:^t:^mi tw, 

immis] mmmiff)m-itmmmtmm2 
(^s.'ims^mi^mcoo *>co-ui,zi±nm¥mmt^v-r 
^iix\,mmmi 4ieacoM«¥Wft«^„ 
im-mi 6 3 mtimi km2<r>m-{m^mmcr)o 
i^nmT^mmi^<^tsmnmT-fmm&m x i o 

iVcm31,U:t|g^§fl.TV>Sit*3S7~l 5C05«. 

<7)v^-fii;&^ 1 ':>iztm<Dmitmmm^. 

[00013 

n,AlyGai -x-,N. OSX. OSY. X+YS 

1) iO^r^S-^tM-f*. 

[00023 

mxmmit^tix^^^ . nfii^coLEDrnf-nm^ff^ 

Si F-rGaNj:0=5:l.n(i3y:?j?h«t, 
^#Pffljtc7)I nGaN. I nGaNJ^f S 

^afi^#F1«3tO?gttiifc . M g F-rA 1 G a N J: 
O^r^Pill^^'yKfli:, Mg F-TGaN j: O^rSp 
hMkmizm^ti-^m^^LXti*). 
2 OmAfcfct^T. ^ai*4 5 0 nmCOWfeLEDT 
5mW. ^f^«^^9. 1%. 520nmi^gifeLE 

[0 0 0 33 tJt. *a5ffiA{±^:co«fi^fflt^TA°;^^ 
mF. ^igTc04 1 0 nm(05lig$-|S^Tloa6T^ 
Lit Jpn. J. Appl. Phys. 35 

(1996) L74. Jpn. J. App 1 . Phy 
s. 35 (1996) Lzl7^) , d^oi'— ff*^ 

I nGaN^ffiV^fc^fi5^#F«3t (MQW : M 
u 1 t i - Quantum -We 1 1 ) co^m^^^t 
l^'yll'^f-'aW&i^t^ J-<;Uxm2us^ njUxM 

m2ms<7)^f^x\ rmm^i6 1 omA, mis.mm.ms. 

8. 7kA/'cm2. 4 1 0nm(7)^igS:^^-t„ tfc. 

tz. («i.{f. H^l':5'Fa-i?X19 9 6^12^ 
2H^eff«. Appl. Phys. Lett. 69 
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( 1 996) 8034-. App 1 . Phys. Let 
t. 69 (1996) 4056 -^) . icOV— f*^ 
{i2 0'Cfc*3V%T. ramtgiE^SB. 6kA/cm^ 
mimE5. 5V. 1. 5mWaj:»jfct3V^T. 2 7l»f^ 

[0004] 

mmmmt^ d t-tmrn] ^co i d izmmm 
^^=5rfiiitt^m-r § i k mmx-h -^ti. ttiLDT 

{ilMS-fiT§-ti:T*»^tL, 3feb°-/^'T'y7\ DV 

*^'it:^T'S>l,, ^/SMaLED*^^{i2 OmAfcfcV^-C 
VfiftiS. 6Va<fe|,. Vf ^§^>{cT(fSii:tj: 

^BBti c: o J: d ^:*1f ^^»Tfig$^ife i> coTh X . 
-ecOiWt-rSti^fi. ifcLTLED. LD^toM 

[0 0 0 5] 

mi tm2<?im-imi^mm^^timmmimm^tL 

t . ztuzji ■^x±mzmmtii>'isnM<D^^B^ 

mmnm^m^mmmmztix^j::^mm. mis. 
^^tiBi-iwsr# Li)-'onmT^mi)im^zm^j:^mm 

-#tf4,cot-ti>. tfz.mi^mmbitmioo^y 

^■Xhn-AiyT. $^>t»tL<{i7 0;j->'^XhD 
bth. 

[0006] Bifi2*l|HJiOSftft¥aiEf*:«^fci5V^T 

iz. mmi bm2(^mmmf^mim\^zn~m 
comitmmm-i^^j: *)mMizymm&m^j:?>mx' 

hi:ibmtl\,\ 

[00071 mi^m<^mimmmi'izis\,^x 



Jjimmnm^nm^^^^i^^zmiz-rifz 
ibiz^ mim ibm <^m.m^mwmff) o *>«-*tc 

[0008] ffirlB*%BjoM»*^#:*^ fcfeV^T 

{4. tmmm>&^mi<z-thfz^\,z^ minmpf^mm 

[0009] tuia*^Bflcog^»^**^fcfeV^T. 
IB^lfcm2i7)g«iji^^fc;i^^tLm. GaNi: 

L, minmpr-^m^sib-thLbifiX'%. 
{c-ri. t r n ^^tfSttJis-fefHtt i < - b 

ifiX'%h, 

[0010] if^^HBcoa^LiB}^**^ tfcv^T 
[0011] *!^BHt«l.gftft^|i^fl!i|^^{4, friES 

^m^nmmmwL^tihn%mf&wiMb Lxmtx 

[ 0 0 1 2 ] * 7t. *^BJc?)n«WfigJit LTSS:fgi^ 

mmitzmm^mm'f^zii\^x. nwmm 

W-Mx-mm-h z b *i'T-# ^ , ,1 oii^. mrlBm 1 COM 

t luiB^ 2 (^mm^mwmco 3 w s> 

( 0 0 1 3 ] ^ fc. *»BBc7)n««»^i: txffitS^ 

mmtfzmm^m^izm^xii. mnzm?, 

^iix\,^i:\,^mi bm2(Dmmmmim^^xnm 
w&mmmttzbmt 
[0014] friami coa^b*i|^«*«i:fr 

iBm2<oa'ft:iBl5|5»#:flc7)a *>C0>'S> ■y7°x:tvl' 
^-O:;*:^ v^^r<?)Sfc nM^»^ K-7°t-|. J: 3 (c L 
T i J: v> L . ^N'y K=^f-\' V y-x.^.f^^-ff^^h ^ \ VicoM 

[ 0 0 1 5 ] iiT', nm^mm^)^~r-^iix^m^ 

«^jgL. mm. w.fMz^tfiiT^mm<^mx. m 
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ism 1 (omitmmi^M t itfiam 2 <nmim^w.mff) 

[0017] § ^>tc. ^wmnmmmh Lxwt^ 
co^^')Tm.^m<-fhtzib{z. mmikm2(^m 

«S{i3x 1 0>Vcm3JaJiCSe§tLTV^5Cfc 

[0018] tt:^ mmconnmmt Lxmrn^ 
Mmx.fzmmmm^izis\,^x. msm^miz 
^Lxmim^mmm^fix\>'^h:itii^nt lw 

[00 19] 

?>m<mmff)m.^mm#mm^i,z-y\>^xmm-t 

( m^<mm i)mi imtMmm 1 izm?>-mitm- 
mmm'fff)mmmmx'$>^.mmmmm 
^M'Fti. '^^tmLbcomzmm^tii. nmmt^ 

a t ^ 2 cr,m-{mmm4 h mmzmm^htim 
mmkuzztmrnki-^. zmzx^x. *itss 
mmicomm^mmi'ii. nmmmm 
i^xxmco'j'-tc^^m^B^coB^^^mk-r^ zkt^x^ . t 
i'iy^(omMm^m< t-# h cox. ^m'Fmjii^m 

EVf^i&<X-^lk\,^omiimii^^t?>. tfz. 

^mmmm 1 xa. m. 1 k nmmm4 k cormz 
ryv-rm-imm^m 3 mmi ^ 1 1 i 0 mt 
mmmm¥B^^^(,izmmh<7)ku nnmm^ 
m4<7)±i,zTy }'~rmim^m5mmL^m 

5 (D±iviSm 6 ms&-t^ Zk^zXK). Stt»6 COM 

[0020] ^mcrmmiizt3\,^x. nmmmmn 
nmT^tm^^timm-wkconsmtmmk tx 

'^^^•thmikm2(omitwmm<D^mim^ 
mmmaTkicii-zibiz. m^gmcomiz^j^-fx^m 
wm^^m$-ti,zki}^x'^h. $^>t. zcom 
Wf-mm<^nm^&Mi,zx'0Tc7)m mut. ryv 
-rmmmms) xm.Lxum^m^$>^ 
mm]kibtzki)^x%^fzi>b. nmmm<^±izm 



^■tmmm^\t^&<-thzki^x^i, 
fc. nVMmmMizmmt^^mkixiiEEMT 

[0 02 1 ] z(7)nmmBfm4ii. m^zj^yv^-r 
'yy°^^^>^^-m^j:im 1 <7)mmmm4 a km 
2 commmm4 b t mM ixmrn-iz k ^k- 
zm^. mi(rim.'{m^m4akm2ff)m.it 
i^^Mwm 4h k\m\ ^z-wimm.-hm-^j: hzk m 
tu\ mimm^mmm2<Dmitmmi^ 

mco^^mii. MtLKiilOO ytyyyi. h D-Aia 

Kii 1 o~4 0 j}-y^^xhn-A<0JiJi{ci«S^ 
10 0:tyi5^Xhn-AJ:i3i,Jii,^i:, |^if:^2 

*sAO'^ujliaifc$,|,. ^WMiimikm2(0 

M-{kmmmff)mff)Tmmizi-,xm&^ti:^ hco 

xn^< 1 Mf-mmiXhfUfX^^iK mlBO i d l,z l 
O^ty^xha-Alil^t^MmtLw 

[0 02 21 ^'^izmikm2commmmcoo-h 

(WT. »M«icosiBjtcfe\,^T{i, micomm 
^mmco^^yy^^^ 'vr:c^^)v^-a)-}ii}K m2com 
mmmx 0*^ ^^tot Lxmm-t^ . ) ^i.^ 
tc<ki>Ai i^timm^mi^. m l< 1 ^ g 

ai-xN (0<XS1 ) ^t<{iGaN^j^:g$-^TJg 
-iO/h§ V 2 m 1 cOMtt 

(iAlvGai-yN (OgY<l. X>Y) . I nzGa 
i-zN (OgZ<l) cOJ:-5^2»^. 37aiac?)a 

x:t-/l.^-co±^ 1 <^a^»¥^*«f±S|«Wfc I 
nS:#t^rV^Al;,Gai.xN (0<X<1) kl. Ay 

*«fi«>{CAl^-i-t^VUn2Ga,.jN (0SZ<1) 

k-ti. ^(o^PTmrnizmtitim^^mim 
X. mi(r>mm^mk lxa i u^^it iym) 

0. 3fyT«0AlxGai.xN (0<XS0. 3) trM 
V\ m2c0g«^|iS*iifcLTGaN^MV.§ffl;;.-^ 
h^. Xiim^m^mmcOG a N t ^^MtiitS^ L < 
iiTy]i-rcr>GaNcom^'^h^mmt L\,\ 

[0023] nimmm^. yemt^m. Rm^ 
vrmmi^Mk txi^y-y mk txmm-^^tm 

^ -yrx^tvkdf-o*^ v^a«iji#*^figS§it§^ 
Wi^h *). J^y -y rx:t-;i^^-iO:^# ^Mim^ 

mmk LXA 1 &^Bifcc7)Hv^M-ff:!pj^**iffiffl§ii 
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^ I itmim< t . «ft$iJ:7tJifc^ y-y^f 

^s^iit-ri. i: . (is i «m 

JlH%i:b«« V ^ii ^B^att ^ < ^*-r I, ; 1 I CO 
#\ 1/-- f'*^Tii:Himffi. LED^^-TiiVf Oi 
[0 0 24] §^>fc. Jiat/SidtC. icOnmffim 

mz Y-rti t . mmm. v f ^^igT^-frs .r t 
soffiv ^mx'imm&^±^ <x^.t t:ypmmmff) 

x<o. mmmE. vfmr^Mizb^^x'^ih<^t 

dope) <7)M«^^#:lt{iEiaWt^Mtl$ F- 

ri^j:\mm^mmmL. mm. mfMz^tn 

7°) „ 

C 0 0 2 5 } ^ fc, VN'y Kdf^ •yrx^t./l.dif-io^^^: 

m 1 (omm^mmmmm^m F-r L;t« 

«) i:<?)^fc2»:7c«^;^;^*ST'#. <!:c52ij?7c«^;<f 

F-rom2co^«^|i«#:flt tfzmm'mx 
TD^-^^MT-, mm (miffymimi^m) 



®{::«^ ( 2<J:7cm^*'x) 5&i#W-t§. ;c7)2<X7C« 
^^ijXt^J'^V •y7'cO/jN§V-iiltf# l.(7)T\ 

iipm<r>:mmm?.m^nm-m&h l^isf-tl 
T i> wmz 2-d^%m.i]x\,zi. hm%ifiw^x% ^{.n 

t^^tll. ttip^c/)^. AlGaN{iGaNfc 
it^LX&inmtim\'\ ^ZX'A 1 GaNO:^rfcpM^ 

mmt:^< ¥~y^i^tizxmmmmT^-^:hz 
10 026] tii. pmcomm^m^mm-m. 

t L. ^N'y F=3f^ -y 7-x:^^;pdf-cD/jNS^rg'fkfe5|^f<c 

ffl**S>Si:«^§^|.. fiilRJfA 1 GaNJifcGaNfl 
fc:MgS:|M»-CF-rL7t«^. A 1 GaNJlr«±Mg 

-Sr. GaNJlor:7-fer:S'^co^§{±A 1 GaNl 

Xl02«/cm3F-rLTC>GaNT1ilxl 0>V 
cm3Sa<0=3f-vyriiST-3i§<7)fc*fL, AlGaN 

riil X 1 0i7/cm3^g(7)df.r ur^aKLMf f>ix 

^:V^, -eiT. *%H|ftiiA I GaN/GaNfcT-^^S 
^mi^: F-r-f-^ r t K j; 19 . itdf ^ U Til^cO^Stg 

^Mf^^i€.i>oT'i)i., i^^i>mm'tix\-^:^tz 
F y^f-zi'Ssmr-df y TJi^i^wi^oiJ'-^v^A i 

GaN«^#|!)-tl>fca6, »MWfc^-V';TliA 1 Ga 
N«<7)f^ffl(ig(tf\ A 1 GaNJWiAVF^>-yrx 
^)V^-<^^\-^9y-/¥mtLX^mth. ^-?T. ^-n' 
y F^> -y 7"x;t-;k^-cO/Jx§^:^£OS«^#:fltc 
^M!|^&^<F-rLTi>. V— LED«-?C7) 

P MMtc^stei^ mmtm>iz-r>\\x mm lh 
*K nmmizm^mm-?>^'^izts\,^xi>. mm<^ 

[ 0 0 2 7 ] A'y F^-v -y 7"x;t^;l^-*J::A:# v^B i cd 

a^»^*®fc:nMW!Bl*^< F-7^1,«^. A- 

y F^-ir -y rx:t^;|.:^f-<7):*:# 1 ff3m.mmm 
"^mtl^^V-riktXli. Ixi0i7/cm3~ 
lX102«/cm3, Sf>t»*t<{ilX10i3/c 
m3~5xlOi9/cm3cO»(Ci«S-rS„ ixio^^ 
/c m3 j: 0 tii'-^rv^ t . A> Fdr> -y rx;t^;^df■-c7) 
/h§*^2(7)mW^«=Jii:0^;{;i^-^<^-5T. ^ 
y TitKcO^I' ^^«*i#^>^ltC K^mmzh tfi 
1X1 O20/cm3J;i5i>^V^t, *^g#:«y-:7m 
5S*>^<*'9-^-rv^i«|6lfcS,|,„ A'>-F^>-y7° 

x:tvi-dr'-«/jN§ ^rm 2 (omm^mco nm^mm 

mmW^y F=¥^r -y 7°x*;l,di^-iO:^# 1 C0M« 
*#ftMJ:'3i>^-=3rfm{«<. »^t<{il/lom 
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mm-/]-hmm lt < i. nM^»*% •) . -eoaji i 

Si. Ge, Se, O^cOjiffi^miVBft, VI B 

mjim^miKL. ntKusi. Ge. ssm^^M 

[0028] :^mmcr)m: 1 fcfcV^T. T> F-Tg-ft; 

^ . i <7)m.m^mm sitry k-tts, i. ; t 
mt u^iK nmmm4 mm^m^k-t^ z t 

<{iS i^ffiv^S, 

[ 0 0 2 9 ] S 7t . 3ts:«JScOff^® 1 ^^m^XU . n 

mmmm4±izTy ¥~rmm^#m 5 mss. 
mm5<^±.^z-mm6^:mi&ixu:i,^ zc^ryY 

criAyyrmkLXi^mLX. «§ttJlt-^*§-lH»-r< 

me k nm^&m4 kffimizit^^^^zkiz^ d . 

mmi^mmiz^m^'ti tzub^zn. zms ary k 
WfigM4 j; 1? h'j'-^^unx'htiii. ±»<^mmim» 

l,zmdi>ff)X'ii^\,W. I n;iGai-xN (OSXS 



l).#aL<(±. I nxGai-xN (0<XSO. 5) 

m^^'^hz ki,zx^. ^(omm^mm 5 oit 
m^^immtxx'om^x^i'yyrmk txm 
Lx. ^i^i,zM5i}-^±.commEi,zii--^m^B^x<i& 

10 0 3 0] ^i^iztfz. ^mmm 1 commm 
i^mm^Fizis^^x. r>Y~rmmmwn5ii. 
0. 5MmaT<7)m^izm^t^:ikifii^tL<. i*) 

K {i 1 5 0 0 :t y /X h n-AOTl==S:^ i ^ t^Jg^ 
-ri., JiSOTRHiWfcPISL^rv^^sio^ry^'' 
:^hu~J^t:jLHzfmt?>lkimtl\\ TVK-r 

1 X 1 0-1 Q ■ c mja 

[0031] ti:^:mm<^mm 1 ^oM-ftift^^^tiBK* 
^•c{±. m.kryv-rmm^m3kff)miz. 
ry Y-rmm^mm 3 i o i>ffiSTig^§^ii> a- 

77riiS-^rLTi^Ti>^l\ ^<-y7r;i{i^J;i{fA 1 
GaN, Al GaN^&4 0 0°C-9 0 0°CtfcV> 
T . 0 . 5 miaTc7)MJ¥T«:g $ €-1. i i: j&if^ . S 

mktxmt^. 

2cDm.mmmm^ii. m3iz^-txoi,z^m 
4 4 cowTi,zmLxmf^mmcr) nmmi^W4 3 im 

'mm4 4 mm-h z kt^x^ . ^iHijm^kmuz 

m 1 amm^mm^ nmerfim^mmthfi n 
mnmmk txmmt:ikizmsi^i>ff)xs>?, 
(omu mmm2(omm^mmM'Fii. n 
m&m'MA 3±m^cr>mifimm4 a 

zkifix'^ s c fc izms LxmmLt:i,<r>Thi. 
[0033] piNJtgiBj-ri, t . mmm 2 <^mm 
'm»mim^lzi5\,^x. m^i±izAyyrm2m 

miiiry Y~y°cr,G a N*>^>^rSTy K-7°M-fW 
##:^4 l^cfrLT, «i.{fn^cOGaN*^^>^Snm 

wm^4 2^mm-i>. ^ix. ni:wjigji4 2± 

fc, nStetS^ii4 3S-:0-tTffittii4 4^JgM-tS. 
^^t. vStt;i4 4±{3, Mi-ii\ MgK-r<7)pffi!|^ 
(pSAlGaN«) 4 5. MgK-rc7)pM 
GaNA^/i.^Spipijay^'^ h;i4 6S-:fi-tTjg3Kttp 
«li92slVpyN"-y Km^^Ji^fig-ri,, 
[0 0 34] n^^i?&fl4 3{i. ^ICOMft 

4 3 a i: ^ 2 C0M«^*J14 3 b t ;&>'3c 

mmm2izi5\,^x. nm^imkLxim4mm¥ 
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mf{^tl?,tfi. miKliS i^t<{JGe. 

M<-thztt^x'%i. ~mznmmm42ii. i& 

2 fc vsttii 44b miz nmm^m4 s ^mm-i z 
bii. mmmmmM4 4mm-?>±-(mibx 
m^^X'hi. 

[0035] z(7)m 1 <r)mm^m4 3 aat^»2 
<om-{tmmm43hmmmi. mKinoo 

-Aj: I? hm^^t. mi bm2<omm^mm^ 

Mm^izm^Xli^iim.comb^j:*). 

*>!.. c:onMS*s^«4 3{4. m^zm^<Dm^^lm 

1 <7)M'f»»#c«4 3 a t m 2 ooM^billl^ftJl 4 3 

o-s-^T> i^-y'xim^^nmTpmiim&b tmirt: 
ftv^nM^iaii^t L/imi tm2coa-fbti#jifrM 

mi bm2com^m^mi^m^m^zm-'mfS,bL. - 

§/i>t. mibm2<7)m.im^mm-k. - 

r<^~^mi.m<th:ibtmtL<. ^mzjiy) 
^^<<zmm^mm<om¥B^^mji,zx-^-b--^^(o±.^z 
j^^^^mmm^H'&^^t^i.zmt.zx'^h. t 

fz. ll*;ii:LT I nGaNi:GaNfc«0^a4-f#^ 
«ji«vgttl4 4S-fflV^|,*i^, nM^Mft*«H-r§ 

G a N t T y h'-re^G a N fc (DmP^-^h-tti 
eiS^«4 3SrfflV^a;fc*sfttieFtLl,^, i^. *Bjifffl 

vH;:^«feilK*<M=3rSISl fcll2<?)a-ffcft^fi^#st 

[0036] § ^{c*Ma8t*5V^T. m 1 bm2ff)mit 
^)^i^Mbl±^ mHZJ-\y h'df-^ •y7°x^-;t-df-*i^ 
^r-?TV^T*,J:<. mi i:m2(7)M«^*«t LT 

AlxGai_xN (0<Xgl ) ttffi*&GaNtt-|, 

i:iHi«. m^m^'^h^xm^^i,:ibifix'^^, 

[0037] Ja±c7)J; 3 t^f^§tUt||i(ic7)^M2COM 



fix ^^ifzibimm^ < m^Bxm^^tsnmwmfS. 

«4 2±fc. ^H^attO j;V^nMm§^il4 3 ^iStlX'S 

m4 4m&Lx^^^. zmzx-ox. mmmm2 
^mm^m^mM'^x'ii. nmmmm42ff)^ 
^Bxmm'^^mf^:ib^j:<. Mm^Ki^-Mm 
« J: (, ^M.i'#pimff)mm4 4 s-jg^-rs c: t a^x^ 
?>(^x\ mvmEt:mt^^^:ib^j:<»iiii]m^z 

bi^X'^^, 

[0038] mLmmLt:mmm2cr,m^tmmw 

^4 3 ^mt. nae*&^S4 3 fc®LTSttJi4 4 

m9mm4 2b(ommnm.m^m4 3 b^mm 
4 4 b<Dm(r>^^-nit-~ijxmxij^z 1 xi±2a±com 

itWmm^^ LXUXi>X^\ &±i7)i: 0 L 
Tfc. «]5fe<^».^-2fc|iI««-f^fflg!)S^:t-t§„ 

[0039] mmmm3 ) ^%mmmmmm 
3 <nmmmw%^mi^\i. m4 j: d 

»®20nm»^jS:M4 2XWnS!m§i^;i4 3 t (Cft 

. nmnm=f-m 5 3 ?:ffM t/cja^'Hsiijswmi 2 

^»«c^«^tfcV^T, nM§i^;i5 3{4, HMO 

':>mm-mx-h6. zzx. :mmmm3tzis\,^x. 
nmmm=Fm5 3mi$^i-mic7)mm^mm53 
amm2comm^mm5 3hbit-tti^ti^ m 
mmi. 2comimm2ff)mmmmbmmiz 

[0040] a±.<^i 0 izm^^tuimmmm3<om 
immi^mm^it. iSMMTn^nmrnmbm^j: 

\' ^M.^#pim(omMmm -ars ^ t !6<-c^ ^ n a 
mmM53mix\^i. m-ox. mmm.3(m 
mmmamHt. mm^rnnm^xm^m 
m:wt'^^h^bt!:<-m.-y)^'^h^fb^x%h. 

[0041] J.li:CO*JgcO?^^l-3T'«, LED«^ 

-km.zmfxm?^LfztK ^wmtv-^y^ y\,z 
^{cfcv^Tt,. m,<mm\--3b'm.m^-k-M-t 

[0042] 

\^^\>%=i-(ryim.^^-tmmi:mmmx'h'o. ot-i 
<mkTt\z . WLm(nmf<r^^-)mz-o\^.xw<.h „ 

[0043] Hf7r^r (CM) J:0*l.«l^Rje 
*^^L5r*^^.. M(7)aK^l 0 50°CtT'J:#§ 
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ffi. S iC (6H. 4H. 3C^#t^) . Si. Zn 
O. GaAs. GaN^C7)^m^mR^M^^^:Lki]^T 

[0 044] (^^'•y7T«2) glV^T, ia^2:5 1 or 

tTMG (^U^^;^^■U'>A) km^\ «l±{c 
G a N J; D *S^N'>y 7TJi2^$5j200 :ty^'-X b D- 

[0 04 5] (T>H-7mil^* (GaN) « 
3) A- 7 7 71 2^*^. TMG(D^±il>X. SKSrl 
0 5 0°C^-C±#$-(i:l., 1 OSQiCt^oit^,. 

rGaNJi3S:5/zmC0Mff-eBg*;?-li:l.. TyF-r 
GaNJi3{iA.y7rJIJ:'?fc«ia. fif!lt{f9 0 0X:~ 

1 1 0 0'c-m^^M:i, c:<7)ry K-rGaN«3«o 
ii^O. lumi:Xt<DjmTm^-th. Z 

«i0. 2Q- cmX'Jh±^^W. Si. Ge^«n 

[0 0 4 6] {nmmmm4)m^^xio50'cx\ 

TMG. Ty^:-r;^''Xl:fflV\ Tyh'-TGaN®^ 

y^'X^jiJuLS i 2: 1 X 1 0' Vcm3 H-rUcG 
aNJIS:2 0jj->'^'";^hn-AcoMffT'Bg:S$-fr. -ft 
TS i ^±librTyV-rGaNm^6 0^y^'XhX3 

^ h n-Acory F-rG a Nmi-^^j:im 1 

Si }^-rGa.m^h^j:^6 0^>:/Xh 

[0 04 7] (SttJ16) iJcfc. jaKS-SOOt-i^L 
X. ^-!-VT:^Ximi,zm9l. TMG, TM I 

"^xm-mmpmrn^ti-h^m e mm 

^l. ^fcClfDJIiil nGaNJ;i9^§#FJi&^-ri. 

^mm'F#pmtixi>^^\ 

[004 8] (piiiJ'^-yKl?) <^:t, aS^l 05 
0°ac±ff\ TMG. TMA. rye-T. Cp2Mg 

1X1 O20/cm3K-7°Lf^pSA lo.iGao.gNJ: 
'9^:Sp<i^'9-y FMT^O. 1 /xmC0JiifT'«#§-lt 
iwflJidf^'JTHtjia^St LT#fflL, A i & 

-^t^^tt^*. »tL<(±AlyGai_,N (0<Y 

<i) mm-^^zbi)mtL<. mm.m\'^m 



JIS-O. 5xdmmTOMffT«*$-ti:§ifcA>'Mtt 

^\ ttz. pm::^y'^m7^m^^mx'h^xhx 

m^mmm< x-^ . mty^ :t- YX'\±mmtm. 
ffSrffi<T'#&c7)-c»tu\ pm\.zii\<^xmm-m 

[0049] (pi!|3y:J':?bji8)^V^T10 50r 
T\ TMG, ry^-T. Cp2Mg^ffll,>. Mg5:l 
X 1 02»/cm3 K-rL/SpSGaNJ: 0^fc-|.P«3 
y^^'MSSrO. l;(/mi7)liJi-Cfig«?-y:§. pMn 
yrJ'^'hWSi I nxAlyGai-x-yN (OSX. 0^ 

»*t<{iGaN}:-rsti^a^!:Ffi£7)i!.^ir 

[0050] mmim. ?aK^sfi^-cT(t\ ^ hi,z 
mmsm'p. ^:r:^j^^Rmmizii\,^x. 700 
ic-c7--y>'^^m\ pm^^hizmmii- 

[0051 ] r--'j yrm. '>x-A^siE^S*^^> 

W^n-^x Srjgfig L . R I E ( ^ifc'it -r ^ yx .y f-y 
^5^) Hax-pffllay^'^' hmiiJ*^^>x-yf~y^'j^TV\ 

H 1 fcs^-t J: -5 1 nmgffMi 4 <r)i^mkm^^^h . 

[00 52] x-yf-yj/-ft, ft±iit3iSptl3y^'^' 
hJicO{a{J'^MfcM/¥2 0 0:ty:?'X hn-A(7)N i t 
AuSr-i-tf3©KttOpm®9t. ^cOp«S9(7)±{c-if 
>'X'fy^''fflcOAuJ:i9^l.pA-.y h'«Sl 0^0. 5 

fzn^^^A<mmiZ\mhK\ S-#tfn«iBil 1 

£J^J^S. ft^^J::p«li9««iBS:ffii|-ri,^«>ts 
i O 2 J: O'Sr&^ffi 1 2 SrHl fc^tf J: 3 \,zm.Uz 
a. '>x-yNS-:^^'5>f7'fcJ:'?4hSiLT3 5 0/zm:ft 

[0053] z(n\^^-Qmnmn^^2 omAtfc 

V^T. 52 0nm«^*6gi6^^S^L. tf^r^r*® 
±tGaNj:i5=&l.^'?>y7rlfc. Si K-TGaNJ: 
05rl.n«ay^^h;it, m-S^#F«itco I n G 
aNJ;0*Sigtt;ifc, MgK-TA 1 GaNj;0*-i> 
pM^J'^-y Kilt. Mgh'-rGaNJcD^-Spfflliay 
^' ^7 b^fc ^iX/S^<7)^IBt L E D tit 
i^LT. 2 0mAtfc(t-I.Vf ^0. 2-0. 4VffiT 
aj:^Sr4 0%~5 0%|6l±§-fr|.C:fc3&ST#fe, 
^/t, f«i«E*,^cOLED«^fcifcg?LT5eJiUb 
x:h')fz. 

[0054] 2 ] mm i tcfev^ 

nmS»fi^4 i: SttJl 6 i: cOPhI^, Ty F-7°M 
(GaN) «5^5 0 0Ji-y25''^hO-AcO 
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'7yijx<7^7).-k±]sb^ 1 0 5 o'cx-nmzLxryY- 
y°G a NJi^ 5 0 Oytyyx\-u-j:^cr)Wm:^^^ 

■fr . iX^^x-'mm 6 ^^^^^^ , eiho J; a l 

^tS^lT-*l>n«WfigJi4£0±fcii: 
Sr^<t-|.^:fc*iT'^, »»WlfciMgLTa}^jS-2 0 

[00 55] [»*#ij3 ] mmmuzn^yznwm^ 

l<^H'fW»*Ji^4 0jj-y:/Xhn-Afc, Si 5: 
3 X 1 0»8/c m3 K-r LitA 1 0. 1 G ao. 9 Nflj{p^ 
^rl.m 2 6 Oity^fX i- n-A 1 2: 

3 0 0 wrr^m-izmm lx . mm s u mcrmm-m 
mttmiimmi tmizLXLEDrnf-m^^t 

10 0 5 6] imtm4 1 m 2 ii:^m(r^<7)mmiz 
i^i.U'-fm^mtr^^pmmmmmx'h'o. u 

LTv^^. jjiT. :i(r>m^Mzmm4iz-:>\,^xmm 

ioo5i\mmmihmm^zLx. ^yr^r (c 

ffi) J: 0=5:1.^^2 0c7)±(c^ 2 0 0:tyi^"xhn-i, 
cOGaNJ:i9^rli^'?"/7r®2 1 , 5/xmcory F-T 
GaN«2 2, 2<:)i:yyxh-a-Acr)TyY-rGB. 

-ACOS i K-7°cOAlo.iGao.3NJ;0^rl.|g2<DM 

[ 0 0 5 8 ] :5rfc\ -9-7 T ^ rmcom. muzti-ty 

cOifegglcOGaNJi^^S^-fr, ^COmiOGaNl 

£o±ic. s i Oj^. m^tmmii^mmiz^^uz< 
^^mim^mmizmi^t. ^i^tz^comm^^L 

X. Mia»lc0GaN^C0±tm2(5DGaN2:(K*$ 
■fr. S i Otff)±izm2(^GaNMi:mJjm^^^^ 
X. mt\MTm2<7)GaNmmifi'oXm2<OGaNm 

mmm^^iM<-t^±Timzmi\\ ^<oa^ 
m^mmiR^mmbi-?>m^izw'iy y rmmizg^ 

[0 0 5 9] {Ty)f-rmm^i^J§2 4)mzi^ 

S2r8 0 0°CfcLTTMI. TMG. T^^-T^fflV^ 
TV F-r I n„. 05 G ao. 96 N J: D^rl. F-rgft 
5 0 0:t>j!''X ^^-A<7)JiJfm:R$-^i- 
[0 0 6 0] (nffl!l^'7'y HJi2 5) lOSO'C 
izLX. S i ^ 1 X 1 OiVc m3 K-T-tZinMA 1 



o.aGao.sNJi, 2 0:tyi?"X h o-At . Ti^K-T 
(undope) GaNl. 20:^y^'Xhti-J^ti 
3t5fc2 0 0Ji«lLT>5r.i.|g)iJfO. 8/xmcOMSi^ 

Wjtfc-ts. nm^y-/m25 4ii^-rUTmtm> 
m. m^mtWsbMt Lxmt. a i tr^timm 

i?tL<{±AlGaNS:-#tfS1g^Jlttl>i 

fc imt L < . mm^m^wmm^ i o o ^y^^x b 

D-AfiLh. 2/zmaT, $^>tCfftL<{J5 0 0>ry 
/Xbn-i.J3Lh. 2/.miaT-CjS*§-ti:Sifc*Mt 

mm^±% < IX. ms^mmm&^A^^ <th 

[00613 (n«;{f>f H^2 6)iBgV^T. Si^5 
X 1 0 1 7/c m3 F-r tfc nSG a N j; 0 ^rS ni!l5e 

ffl!l3K;y>f h'«2 6{i, mm<D^:^^ mb Lxm 

L. GaN. InGam^m-thZb^mtK. 
ffl^l 0 0:^y^'-XFD-A~5//m. $f>tifSL< 
{i2 0 0:tyy";^ //m«KJf:T'Jt*S€l. 

Ge^cOnM7F»Sr K-7°LT nS<7)#l:Mt-tl. 

■ffi. mzry K-rt-t-s ; fc l> t-^ i> „ 

[0062] (^1412 7) BOO-CT. 2 5;t 

y^-XFo-AcOH^OryK-ri no.zGao.sNj; 
•^^-S^F/ifc, 5 0:ty^'Xhn-A(7)®Sc7)ryh' 
-ri no.oiGao.ggNiO^Sr-g.PfSiifc^Safc^l 

«e (MQW) <7)vS14l27$rfig;^§itl>„ •t^r*)*>. 

iiov£ttJi2 7(i. wg«3Jit#FJi2«t^. mm 
m+#pi§+mm+WFm+mmb^£i,j:dizmM 
Lxmmiti. 

[0063] (pffl!l=3f^>yr«2 8)<Rfc:. 1 0 5 OX: 

*>'OvStt«6J:i3t:*:l=v\ MgS-lxio^" 
/c m3 K-TLitpSA 1 0. 3G ao. 7 Ni O^rS P« 
^ -y rS 2 8 ^ 3 0 0 jj-y/X hn-A(JDMWTM* 

i<^P«=^A'-yri2 8{ipa:fiffiil^F-7- 
L!t«fct5t*^, ffiif^^mv^to. nM^«^F-r 

Lxi>B:<. mhmKiipm^mmv-rtm 

b-t^, p(i^^-yrJl2 8c7)JlJf(io. lumm. 
■^^\,zntL<li5 0 0-^y'/xhu~j^i;XT. Mi^M 
* L < a 3 0 0:^yyx h n-At(TfcP^1-|. . 0 . 

ijiLmj:*)m\'^mmx^-^^^thb. pm^-ryrM2 

8 * t ^ 7 -y ^ *iA 0 ^-r < ^ D . femom V 

^i^mi)<i&^uz<\^i}^f,x'hi. Ai<7)mmkii^± 
^ V ^ A 1 G a ^mm< mm-h b l vim^f-imm l^i- 

<*^. «;c{f. Ymtj^O. 2Jil±c7)AlYGai_yNT' 
feWf 5 0 0 :t y h n-J>,mz^-th ^ t 
tLv\ Pi!l=5f^-y7°®7 6«Mff<:0TIS»#fc|i8SL 
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[0064] (pM^:^'^ F12 9 ) J^> Y^-^ 
v7°3::^;l^djJ_:^jp|||df-v ■y7°Ji2 8 j; D'h^Vv Mg 
2rl X 1 OiVcin3K-rtfcpMGaNJ;0^-I.P 
li3K;^?M FJi 2 9 ^ 0 . 1 ;u m«|iWt'BS*$-ti:l. . i 

KJi2 6fc|BIt,<GaN. I nGaNTfig;g$-frl.i}: 
n-A~l/xm<0lRWC)S*S-frl.C:i:fcj:i5. »tL 

mm smffipmymat H-rt-cpSco^^tf 

[0065] (pffll^'7-yFl3 0) i^^t, MgSrlx 

1 O20/cm3 h'-rt/cpMA 1 0. 2Gao.8NJi, 2 
O-^yyxhn-J^b^ Mg^rlXlOiVcm^F- 

SilLT^-S^gJlJPO. 8//m<7)®ife?Ji<J;>3:^^pU 
^ ^■y K;i3 0$-fi!t«S-ti:l.„ icoii{in®l:?^-y KJi 

2 5fc|5lt<df^yTKtjX»lfcLTffiHL, ^ilgi^ 

>sb<r)m t LX^m-t& <, c: ^0 P fflll^ 9 -y KM 3 0 
^>#^^|!S^L^i^^^*\ l O 0:t>-^?"Xhn-i>,ULh. 2 
XimJilT. $^«ft L<{i:50Gjj-y7";^ha-AJil 

±. I um&rfrm.^^'^izbtimtLw z.<r>pm 
^ ^ 'V Ym<^^^mmM^mmi±^ < lt, mm 

[0066] (pi!l3y:J'5?>l3 1)«mt. MgS- 
2X1 O20/cm3h'-rt!tpaGaNj:t9*Spffl!I 
n^^" hJi 1 0 ^ 1 5 0:ty^^x hn-AcoffiWT^ 
p(i3y:?:?hif45 0 0jJ-y^^;^hP-A 
JJIT. ^ mt t < 4 0 0 :^yVX h n-AfilT. 
2 0:fy^^Xh\:i-J:.&dLliZm^^ttb. pJiffi 

[0067] SEi»m KJE^F«3Ki3ViT. 

^\immmm^'^. 7oo"CTT--yy^^^fVK p 
Mi^i^izmmtti. r-~uym. ^^-^^^ 
Km^m^m^oniL. ii2t^-rj;-5t, rie^m 

tJ;'9«±lc0pffl!|3y^'^'M3 1i:, plli?7-yF 
n3 0b^3i'yi-yytX^ AumCOXhy-fym^^ 

[ 0 0 6 8 ] U -y mmk. m 2 ^Z^tX 3 tC, U -y V 

{c«EfJLfcpii^7-yH«3 0^x.y^y^UT. n« 

[ 0 0 6 9 ] <5i:tC U >y i^SH^^^ffitCN i /A u J: 0^ 



•Spmffi3 2$:Jgfig-ri.« Mil. I12tc^-rj:3tpm 
ffi3 2^^<pffli^7-yF;i3 0, pfflny^^'hJlS 
l£7)«tSi02J:D^rl,aSK3 5^»^L. 
I6»13 5 ^^Lt P«ffi3 2 tmmSllfcgSUcp^N" 
>y K«®3 3^mi-S. -^{Jfc'Saj^-tfcniln 
y^i? h^40^M{c{iWi: A 1 J: nmas 4 ?r 

[0070] mjgfig^, ^^~^\ffy^y T -i rrnan 

'fm=Ft:m&Tu-fm^'^t: bzb. m.m s 7 w 

{§mmmi2. 0kA/cm2jg<t::^TffiTt. 

filE^> 4 Vj£< \,zts: D , 5 0 0 B$rE§jy±t[6l± 

[0071 ] [^»J 5 ] ll»J 1 tfct . nWm 
jm^^^m^z. SiSrlxlO'VcmSK-rL^: 
GaN/iSr 2 0=ty^J''Xhu-AfiS;^$-t-C^^lll(7) 

mitm^mwrn b.ry k-t^o a io.10Gao.90Ni 

^ 2 0 Tj- y ^-X h D- Afig^S-frT ^§ lg 2 coMbW 
»#:)ii:<7)^T^2 5 0m*§^i:, ePfl. 0/zm 
(10 0 0 0;i-y/x hn-A) coMS^^itJ; 0=5:1. 

nm@ffMii4 ^i&^^^tm±%mm 1 1 iBi«te lt 

iifz. 

[0072] 6 ] mm 6 2 

[0073] «ifeMifcisi«fc:L-c. -^-^r-fr 

( CM ) J: 15 =5rSffli 1 ±fc:G a N J: fj ^rS A.y 7 r « 
2 ^$52 0 0:t>^:^ hn-A<0MJI-C^*2*l,, ?J: 
fc, TMGiO;^±46T. iffi^&l 0 50iCtT±#$ 

nt<wmiSx\izTUG. ry=^-Tifxm\\ 
ry Y-rG a Nji4 1 S: 1 . summmrm:^ 

m\^x 1 0 5ot:t\ tmg. ry^-Tijx-mf 

lyvyi^X-^m^-^^ S i SrSxi 0iVcm3K-rL 
:tnMGaNl42^2. 3 5xtmc7)iS$fcjS;*§-tJ: 
I., 

[0074] mS^t 1 0 5 0°CT\ TMG. Ty^-T 

i]X-myyyi]'x^W^K m2coMt;W^*ii4 3 
bfcLTS iS:5xl 0>8/cm3K-TLJtGaNJl 
^ 2 5 ^'-X hn-A«!SWf^#^1i-. SV^TiSIlg 
«tTi-5 y*'X^±J6m 1 cO^'ffcW^#cii4 3 a t 
LTT y K-r G a Nil?: 7 5 :t y:J''X h n-AcOffilf 
•C^*§1tS» iil^liSfflfctTl 5JS|gS'95lt, 

7 5isyyxYx3-h.ffy7yY-rGB.nmt^t:>ts:hW, 

1 , S i K-rGaN*»A,^^ 2 5 
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5 0 0 :t y^'X h n-AOJ¥$ CO na@IS^Ji4 3 Srjg 

[00 7 5] ?^^880°CtLT. Nz^r^'J 
T;^'Xj;t. TEGXt/NH3^ffl^,^TGaN*^^>^|, 

2 0 0 ^y^J-'x b n-Ao»Mii&Eft$-fr. iiv^TS 
a?:8 0 0°acLT. N2^^';T;<?"Xi;L. TEG. 
TM I SIA'N H3 SfflV I n 0 . 4 G a 0 . 6 N il S: 3 0 :t 

kimcommmip^^*). -^fc-ij-cieQOjj-y^^xh 

»tL<{il0 0~3 0 0jj-y^^xha-At:ig 
&^ix. §<?>tiffit<{i2 0 0~3 0 0jj-y^^xhD 
-A{3igS?}h.§. »MJi<^^§!&Ji 0 0:ty^xhn 
-Aj^TTIi. ^3feai;>33&5fiTt. SOO^y^'-xhn 

[0076] mz. 1 0 5 0'Ct±{f\ TMG. 

TMA. TV^-r, Cp2Mg (v^n^y^i/x- 
M g ^ 1 X 1 O^o/c F 
-r LJtpHA 1 0. 1 G ao. 9 Ni 19^^ p(i^7-y 

(pMA 1 GaNl) 4 5i 3 0 0:^yyxhV~A<7) 
mfX-m^^tl. SV^-Cl 0 5 0'CT\ TMG. T> 
"E-T. Cp2Mg$rfflU, MgS: 1 x 1 O^'/c 
H -7° L/i P MG a N J; D * 1. P iffln >- r^' h Ji 4 6 S: 
1 5 0 0 Ji->-i?-X h P-A<7)^T'^;R§-ti:|, , 

[0077] R^Ei^Tm. agSrMSi-eWs $ i^iz 

[0078] T--y yjs^m. mmi tmiztx. 

iOirSpA-^yKmSlo:^!^!!*!!! iSrJgfi&tS. 

mfcpTOg^^mffia-r^fcfets i 02 j: 15^: 

S^ffi 1 2 ^0 1 iz^X 0 mmLUm. "^x WN 
^X^!' flzi: ^^mtX 3 5 0;ttm««OLED*^ 

[0079] i«LED«^{iJI|tfr|fiI«SE2 OmAfcfc 
V , JIIM[&I«ffi V f3. 2Vf520n mCDfiifeiOll 
3fc^^T^L. #m»ffii>^iOLED*-^fcik!i!gL-C4^g 

[0080] mmmi 1 mmm7i±mmmm3 izm 
-mmmiz^h l e Dm^-x-h-^x. &.T(oM.x'm 

^j:hib . mmm 1 x:\mm\ 6 h nm.(r>m-x:^ ryv 

-y'G a NJ14 1 ^ 0 . 5jJL mcOMW T-^*$1i:/cm. 
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